Functional differences between cyanobacterial DnaK1 chaperones from the halophyte Aphanothece halophytica and the freshwater species Synechococcus elongatus expressed in Escherichia coli.
DnaK chaperones participate in essential cellular processes including the assistance of the folding, structural maintenance, trafficking, and degradation of proteins, the control of stress responses, and so on. In contrast to the situation found in most other bacterial groups, the cyanobacteria contain multiple dnaK homolog genes whose cellular roles remain ambiguous. We compared in this work the in vivo chaperone capabilities of the DnaK1 members from the halophyte Aphanothece halophytica and the freshwater species Synechococcus elongatus. The corresponding dnaK1 genes were expressed in Escherichia coli, and the abilities of the encoded chaperones to provide for both general and specific functions conducted by E. coli DnaK were analyzed. Synechococcus DnaK1 was far more effective than A. halophytica DnaK1 in replacing E. coli DnaK in all activities tested in vivo, including changes in cell morphology and downregulation of the heat shock response, prevention of the aggregation of misfolded proteins, and restoration of thermotolerance to dnaK-deficient mutants. Thus, regardless of an extensive sequence similarity and comparable in vitro chaperone capabilities, the two cyanobacterial DnaK1 chaperones functionally differed under in vivo conditions. The overall results reinforce the notion that A. halophytica DnaK1 and Synechococcus DnaK1 evolved different substrate specificity since they separated from a common ancestor.